Neighbourhood researches have been growing over the past two decades across the social sciences particularly in the area of public health. Many studies had examined the existence of spatial pattern of mortality in many developing and developed countries in improving the health status and reducing the variation in mortality between regions of such country. Some of these studies found spatial pattern for mortality and some were not using different statistical techniques and geographical mapping. Question was raised whether the spatial pattern of mortality was existed in Jordan? The objective was to investigate the spatial structure of mortality across different areas (governorates) of the country to provide implications for policy makers, investigating the hot spots of mortality, showing a visual picture of health status and reduce the variation in mortality as possible as can by showing the global clustering and local clusters for mortality. The data collected for 12 governorates based on census conducted in 2008. Mapping was used as a first step to conduct visual inspection based on the quantified gradients for mortality using quartiles. Two statistics of univariate spatial autocorrelation based on sharing boundary neighbours, known as global and local Moran's I, were carried out for examining the global clustering and local clusters respectively. All-cause standardized mortality ratios ( Ajlun, Jarash and Balqa respectively. In conclusion, I found that SMR varied in visual inspection across different governorates with black spots in the north-west, central and south-east part of the country based on choropleth mapping. Statistically, significant global clustering in SMR has found. Also, several significant local clusters were found in the north-west part of the country.
INTRODUCTION
Geographic distribution was concerned with the investigation of spatially referenced data to discover spatial patterns in the health status of populations. More than 10 000 newborn die every day. [17] Every year, it was estimated that under nutrition contributes to the deaths of about 5.6 million children under the age of five; 146 million children in the developing world were underweight and at increased risk of an early death. [22] During the last few years a considerable studies had used the spatial analysis techniques in investigating the spatial structure of mortality for adults and children. For example, Khamis, Jemain and Ibrahim [14] found global clustering and local clusters for children mortality in Malaysia. However, there has been a growing interest in examining the existence of spatial autocorrelation of mortality and its spatial relationship to many indicators such as poverty, education,…etc. [1, 10, 11, 18, 22] Mortality was studied in many studies in different countries using different statistical measures. Also, mortality mapping was used increasingly in health sciences. In spite of technical advances that have increased survival of children in developing countries, infant mortality was at least 10 times higher in developing countries than in developed countries. [13] Mortality considered as a standard indicator of population health used through out the world. Rates of mortality can reflect levels of social and economic development, levels of care, and the effectiveness of preventive programs. [8] Benach and Yasui [3] analyzed the geographical pattern and the magnitude of the association between deprivation and mortality in Spain, where they found that geographical gradient from north east to south west was shown by both mortality and deprivation. Compared with individual level studies, ecological studies seem more often to conclude that there were significant association between observed neighbourhood attributes and health outcomes. [20] Patricia et al. [19] described the geographical variation of cancer in Cuban woman over the period [1999] [2000] [2001] [2002] [2003] , where their study supported the hypothesis of a spatial variation in risk at small area level.
Contextual effects operate when the health status of individual depends not only on their characteristics but also on the supra-individual effects associated with the area where they live or the social group to which they belong. To understand the linkages between these effects, investigation should focus on features of the area rather than on the compositional characteristics of residents which can not fully describe the social environment in which people live. [16] In Japan, area socioeconomic disadvantage was significantly related to higher mortality, especially on premature death. [8] So, I studied the spatial autocorrelation and the geographical pattern of SMR distribution.
Improved health and reduced mortality inequalities were not primary objectives but emergent prosperities. The importance of this study was followed from such argument stated that mortality is a standard indicator for health status of the population. Mortality surveillance has also been suggested as a mean for early warning system in public health. [26] Also, to author's knowledge there was no studies used the spatial analysis techniques and geographical inspection in studying the inequalities in mortality gradient in Jordan. However, the studies used other advanced statistical techniques, such as structural equations modeling, in examining the levels of mortality were very limited in Jordan. In light of these, I investigated the existence of: (1) spatial global clustering of mortality and (2) spatial local clusters of mortality for governorates. This study contributes to the literature by examining the geographical distribution of mortality, spatial global clustering, and local clusters of mortality. The study design was a cross-sectional analysis in a census survey conducted in Jordan in 2008.
I worked with lattice data using exploratory spatial data analysis (ESDA). ESDA quantifies the spatial pattern in order to increase the analyst's knowledge of the spatial system. Mortality mapping plays an important role in the monitoring of community's health. Maps can reveal spatial patterns not previously recognized or suspected from the examination of a table of statistics and reveal high risk communities or problem areas. [21] However, The purpose of spatial analysis is to identify pattern in geographic data and attempt to explain this pattern.
The data analysis followed five steps. In step 1 the SMR was calculated for each governorate. In
Step 2 the gradients of the quartiles of SMR were visually inspected using choropleth mapping. 
MATERIALS AND METHODS

Data:
The data were collected from the department of statistics, statistical yearbook, based on the census conducted in Jordan in 2008. For each of the ( N = 12) governorate, all-cause mortality was measured in terms of SMR. The SMR was used because it allows comparison of the causes of deaths between population groups. Standardized ratio ( SR ) measures the extent to which each region, in this paper it was a governorate, had a number of cases more than would be expected ( 1 SR > ) or less than would be expected ( 1 SR < ) under the hypothesis of a random distribution of cases over the region. [9] The SMR for ith governorate was calculated as follows [9, 25] : [4] Identifying groups of governorates in close proximity to one another with high values was often of particular interest suggesting a "cluster" of elevated risk.
The SMR values were categorized into four intervals. These intervals used for all maps using darker shades of gray to indicate increasing values of SMR. Such approach enables qualitative evaluation of spatial pattern of mortality. In the neighbourhood researches, neighbours may be defined as governorates border each other, or within a certain distance of each other. In this research, neighbouring structure was defined as governorates shares a boundary. I used the second order method (queen pattern) which included both the first-order neighbours (rook pattern) and those diagonally linked (bishop pattern), i.e., the queen method makes links in all eight directions. Figure 1 showed all these three types of spatial connectivity. A neighbourhood system for Jordan's governorates was given in Table  1 A choropleth map was used commonly to portray data collected for units, such as counties, districts, states, or governorates. To construct a choropleth map, data for enumeration governorates were typically grouped into classes and a gray tone was assigned to each class. Color was considered to be the key to the development of good visualization tool for the purposes of quantitative data analysis, that is for helping the viewer to notice patterns in data. [9] Although maps allowed us to visually assess spatial pattern, they had two important limitations: their interpretation varies from person to person, and there was the possibility that a perceived pattern was actually the result of chance factors, and thus not meaningful. For these reasons, it makes sense to compute a numerical measure of spatial pattern, which can be accomplished using spatial autocorrelation. Global spatial clustering and local spatial clusters were identified.
Identification of global spatial clustering:
The goal of a global index of spatial autocorrelation is to summarize the degree to which similar observations tend to occur near to each other in geographic space. In this exploratory spatial analysis, I tested for spatial autocorrelation using standard normal deviate (zvalue) of Moran's I under normal assumption.
Moran's I is a coefficient to measure the strength of spatial correlation in regional data and provides also a test for mortality clustering. The interpretation of the Moran statistic is as follows: If
, then a governorate tends to be connected to the governorates that have similar attribute values and vice versa. Global clustering test used to determine whether clustering was present throughout the study area, without determining statistical significance of local clusters. The autocorrelation coefficient can be used to test the null hypothesis of no spatial autocorrelation or spatially independent versus the alternative of positive spatial autocorrelation:
Moran's I is a weighted correlation coefficient used to detect departures from spatial randomness. It was used to determine whether neighbouring areas were more similar than would be expected under the null hypothesis. It was calculated as follows: I , the z -statistic was applied which follows a standard normal distribution. It was calculated as follows: [24] ( ) var
Permutation test was used. What a permutation test tells us is that a certain pattern in data was or was not likely to have arisen by chance. The observations of SMR were randomly reallocated 1000 times with 1000 of spatial autocorrelations were calculated in each time to test the null hypothesis of randomness. That is to say, the hypothesis under investigation suggests that there will be a tendency for a certain type of spatial pattern to appear in data, whereas the null hypothesis says that if this pattern was present then this was a purely chance effect of observations in a random order. The analysis suggested an evidence of clustering if the result of the global test was significant but it didn't identify the locations of any particular clusters. Beside, clustering which represents global characteristic of mortality, the existence and location of localized spatial mortality clusters in the study population were of interest in geographic epidemiology. Accordingly, local spatial statistic was advocated for identifying and assessing potential hot spots or clusters.
Identification of local spatial clusters:
A global index can suggest clustering but cannot identify individual clusters. [24] Local Indicators of Spatial Associations (LISAs) measure the degree of spatial dependence to allow for the effects of neighbourhood based on each governorate associated value (in this research, SMR variable), where neighbourhood structure was defined according to some measure of proximity or contiguity as mentioned previously. The main purpose of such index is to provide a local measure of similarity between each region's associated value and those of nearby or surrounded regions. Anselin [2] proposed the local Moran's i I statistic to test for local autocorrelation. Local spatial clusters, sometimes referred to as hot spots, may be identified I was significant. [2] Anselin stated that the indication of local patterns of spatial association may be in line with a global indication, although this is not necessarily be the case. It is quite possible that the local pattern is an aberration that the global indicator would not pick up, or it may be that a few local patterns run in the opposite direction of the global spatial trend. However, Moran's i I for ith governorate may be defined as: 
RESULTS
Descriptive statistics were calculated for SMR, where the mean and standard deviation were found 0.98 and 0.13 respectively; skewness and kurtosis were found 0.42 and -0.31 respectively. The fivenumber summary of SMR data set consists of the minimum, maximum and quartiles written in increasing order: Min=0.77, Q 1 =0.88, Q 2 =0.97, Q 3 =1.07 and Max=1. 22 . From the five-number summary, the variations of the four quarters of the SMR data were found 0.11, 0.09, 0.10 and 0.15 respectively, where the fourth quarter has the greatest variation of all. The SMR was slightly found more than would be expected for Ajlun and Balqa governorates, where their SMR were found 1.22 and 1.17 respectively. Figures 2 and 3 showed the study area explaining all governorates with their identification numbers and visual insights for SMR respectively. An overall worsening pattern (Higher scores) for SMR was found in the north-west and south east of the country as shown in Figure 3 Table 1 . Maps had produced using Jasc-Paint-Shop-Pro8 Software.
The result of autocorrelation coefficient was sensitive to the choice of spatial neighbours and spatial weights, so it was desirable to run the spatial autocorrelation under several different scenarios. Therefore, permutation distribution can be used to test the significance of the autocorrelation statistic of Moran's I . So I used 1000 random permutations and p -value=0.02 was found. Simulated data was useful for validating the results for spatial analysis. However, using Monte Carlo simulation, I simulated 9999 random samples, 12 values for each sample. The process of simulation conducted under standard normal distribution with mean zero and standard deviation one to calculate the p -values for local Moran values of SMR. When I used the word simulation, I referred to an analytical method meant to imitate a real-life system, especially when other analyses are too mathematically complex or too difficult to reproduce. While results were specific to our data, the case study helped to identify general concepts for future study.
DISCUSSION
I examined the spatial global clustering and local clusters for SMR based on global Moran's I and local Moran's i I respectively. Such findings allow policy makers to better identify what types of resources needed and precisely where they should be employed. Also, strength of surveillance and adjustment of public health policy were needed in Jordan to describe and quantify the inequalities in mortality. The above framework proposed for analyzing the spatial pattern of mortality revealed some noteworthy findings. After rejecting the null hypothesis, concluding that there was some form of clustering, it was of course of interest to know the exact nature of the clustering process. Is it only global type clustering, or are there hot-spot clusters? If the later, how many hot-spots are there and where are they located?
I used exploratory tools such as descriptive table and somewhat small area choropleth maps. Maps provide a powerful means to communicate data to others. Unlike information displayed in graphs, tables, and charts, maps also provide bookmarks for memories. They remind us of places we visited, a childhood home, and locations of historical events. In this way, maps were not passive mechanism for presenting information. Small area studies were a valuable tool to analyze and to pinpoint areas with higher mortality. [3] Usually, in the spatial analysis and geographical mapping, small spatial areas should be used such as districts, counties…etc. But in this research governorates were used which considered somewhat larger than for example the districts because the data were not available for districts. Most often the word 'neighbourhood' suggested a relatively small area surrounding individuals' homes but researchers commonly make use of larger spatial area such as census tracts. [5] However, it was noteworthy that Jordan is relatively small country in area and in population, so the governorates can be considered as small spatial areas. Often, choices about neighbourhood spatial definitions were made with respect to convenience and availability of contextual data rather than study purpose. [20] Schaefer-McDaniel et al. [20] stated that, researchers might utilize census data and thus rely on censusimposed boundaries to define neighbourhoods even thought theses spatial areas may not be the best geographic unit for the study topic. Converting counts to ratios to take account of population size differences was not, however, sufficient to ensure comparability of data values for the exploring purpose. [9] Local values that are very different from the mean or median would indicate locations that contribute more than their expected share to the global statistic. These may be outliers or high leverage points and thus would invite closer scouting. Moran's i I served two purposes or provided two interpretations. [2] First, it may be interpreted as indicator of hot spots (i.e., the assessment of significant local spatial clusters around an individual location). Second, it may be used to assess the influence of individual locations on the magnitude of the global Moran statistic and to identify outliers.
As noted by Waller and Jacques [23] test for spatial pattern employed alternative hypotheses of two types; the omnibus not the null hypothesis or more specific alternatives. Tests with specific alternatives include focused tests that are sensitive to monotonically decreasing risk as distance from a putative exposure source (the focus) increases. Acceptance of either types (the omnibus or a more specific alternatives) only demonstrates that some spatial pattern exist, and does not implicate a cause. [12] Hence the existence of a spatial pattern alone cannot demonstrate nor prove a causal mechanism. The levels of mortality differed substantially within the country. As causes of deaths were not studied, explanations of the spatial pattern of mortality were not straightforward. Whether material or individual circumstances cause mortality differences may be debated.
The application of statistical techniques to spatial data faces an important challenge, as expressed in the first law of geography: "everything is related to everything else, but closer things are more related than distant things". [21] The quantitative expression of this principal was the effect of spatial dependence, i.e. when the observed values were spatially clustered, the samples were not independent. The obvious question after finding significant clusters of mortality, was-why? Could this pattern associated with the spatial pattern of such as socioeconomic indicators? However, further research is required regarding this bivariate spatial association between mortality and socioeconomic indicators, which will be my interest in the near future. This paper adds to the global body of knowledge on the utilization of spatial analysis to strengthen the research-policy interface in the developing country. Although, this work conducted as part of a wider study, its immediate implications are more for policy makers and practitioners than for researchers. The findings in this study expected to enhance mortality monitoring and policing capabilities across governorates in Jordan.
CONCLUSION
I studied the global clustering and local clusters for SMR. The results were conclusive in at least five aspects. First, as shown from Figure 3 visual inspection showed that high levels of SMR was concentrated in the north-west, central and southeast parts of the country, for instance in the governorates 2, 3, 5 and 7. Second, two governorates 10 and 12 were not observed visually as hot spots as shown in Figure 3 Figure 4 . Third, the results showed that levels of SMR vary between governorates. The clustering tendency showed that SMR for each governorate can be spatially correlated with SMR in neighbouring governorates based on global Moran's I index. Fourth, several governorates were found to be spatial local clusters in SMR based on local Moran's i I index, where they were 2, 3 and 5. Fifth, from negative local Moran values, looking at the local variation, some of governorates were represented as areas of dissimilarity, for example, governorates 1 and 8, means that governorate with low mortality surrounded by governorates with high mortality or vice versa.
The analytical approach used here accurately delineates governorates of relatively high mortality, and permits policy makers to develop strategies in way that should minimize the mortality inequalities between governorates. Policy, which paid attention to area characteristics will diminish mortality inequalities and consequently improve the health status of the overall population. In summary, the study supported the hypothesis of a spatial variation in mortality at area level that probably reflects the governorate distribution of life style and socioeconomic factors.
Further research is required to study the spatial patterns of socioeconomic variables in Jordan and their bivariate spatial association with spatial pattern of mortality in attempting to interpret the spatial clustering in mortality. Also, further research is required to investigate the spatial pattern of mortality in the neighbouring countries around Jordan especially Palestine, Egypt and Saudi Arabia because the local clusters in mortality found in Jordan were sharing a boundary with these countries.
